INTRODUCTION
Ganglioside is a sphingoglycolipid that contains one or more sialic acid residues. It is known that various molecular species exist. In recent years, biochemical research on ganglioside has been developed and its physiological functions such as cell-cell interaction, cell proliferation, differentiation, cell-substrate interaction, carcinogenesis, bacteria or virus infection, immune response, and inflammation have been reported 1) . To purify gangliosides from tissues, total gangliosides were generally separated from other lipids by extraction with chloroform-methanol using reversed phase chromatography on octadecyl-bonded (C18) silica gel 2) . Isolation of individual species of ganglioside is performed by preparative thin-layer chromatography (TLC) 3) , high-performance liquid chromatography (HPLC) using anion-exchange column such as DEAE-Sephadex 4) and MonoQ column 5) . However, preparative TLC is cumbersome and time-consuming for recovery of glycolipids. Silicic acid column chromatography usually requires large amounts of solvents and samples. HPLC is effective with high resolution but this strategy requires considerable amounts of solvents. For isolation of sphingolipid classes from complex lipid mixtures, aminopropyl-bonded silica gel (LC-NH2) and weak cation exchanger (LC-WCX) cartridge are used. These cartridges are efficiently used to isolate sphingoid bases, which is obtained after hydrolysis of sphingolipids, from other hydrolysis products such as fatty acids and unhydrolyzed parent compounds 6, 7) . Solid phase extraction (SPE) is an interesting tool that has been used for prepative isolation of lipid compounds. However, SPE has not been used for isolation of gangliosides from complex lipid mixtures. Compounds that are similar in chemical nature may be separated by selecting suitable SPE and varying the solvent environment (pH, polarity, salt concentration, etc). This paper describes the procedures for the use of strong anion exchanger cartridges to isolate and purify gangliosides from complex lipid mixtures. We present evidence that the gangliosides can be isolated easily with greater than 95% recovery rate.
2
Centrifugal concentrator used was a Tomy CC-105 system with TU-105 low temperature traps, and GCD-051X (Tomy Seiko Co., Ltd., Tokyo, Japan). Mass spectrometer used was HCTultra (high-capacity ion trap mass spectrometer) (Bruker Daltonics, Bremen, Germany).
3 2.3.1 Lipid Extraction from tissue
Ten pieces of rat brain tissues were homogenized with 100 mL of chloroform/methanol (2:1,v/v). After sonication for 30 min, the extract was transfered into a new tube. The lipids from the remaining pellet were extracted again with 100 mL of chloroform/ 2-propanol/H 2 O (7:11:2, v/v). The first and the second extracts were mixed and evaporated. The resulting pellet was dissolved in 12 mL of chloroform/ methanol (2:1, v/v).
Column procedures
Various kinds of strong anion exchanger cartridges (500 mg) were placed in the extraction manifold apparatus (Waters, Milford, MA, USA) and washed under vacuum (under 10 kPa) with 10 mL of methanol and 10 mL of distilled water. The anion exchange resin was conditioned by washing with 10 mL of 0.8 M ammonium acetate solution to convert to acetate ion form and then washed with 10 mL of distilled water. After equilibration with 10 mL of chloroform/ methanol/ H 2 O (5:10:1, v/v), a collection rack with receiving tubes was placed in the extraction manifold apparatus. The lipid extract was diluted with chloroform/ methanol/ H 2 O (5:10:1, v/v) and applied to the cartridge column under vacuum. Then 10 mL of chloroform/ methanol/ H 2 O (5:10:1, v/v) was pulled through for washing. This eluate (neutral lipids) was saved and new collection tubes were placed in the collecting racks. The cartridge column was then eluted with 10 mL of chloroform/ methanol/ 4.0 M ammonium acetate (5:10:1, v/v) and the eluate (acidic glycolipids) was saved. Eluates (neutral lipids and acidic glycolipids) were evaporated by centrifugal concentrator. High-Performance Thin-Layer Chromatography (HPTLC) Amphiphilic glycolipids were analyzed on a HPTLC plate (Merck, Darmstadt, Germany). The developing solvent used was chloroform-methanol-0.25% aqueous KCl (5:4:1, v/v). The separated glycolipids were detected by spraying with resorcinol reagent and heating at 120 8,9) .
Mass Spectral Analysis
Mass spectra were recorded on a HCTultra (high-capacity ion trap mass spectrometer). At least ten scans were averaged to obtain each spectrum. Samples were typically dissolved in chloroform/ methanol (2:1, v/v) to a concentration of 1 mg/ mL, and diluted to 1/ 1000 with 95% acetonitrile. Sample solution was introduced into the ESI ion source by mechanical infusion at a flow rate of 180 mL/ h. Analysis of neutral and acidic glycolipids was carried out in positive and negative modes, respectively. The following analysis parameters were used for positive mode: high voltage (HV) capillary voltage -4500 V, HV end plate offset voltage -500 V, nebulizer gas pressure 15.0 psi (nitrogen), a flow rate of dry gas 7.0 L/min (nitrogen, temperature 320 ), skimmer voltage 40.0 V. For negative mode, the parameters used were: HV capillary voltage 4500 V, HV end plate offset voltage -500 V, nebulizer gas pressure 15.0 psi (nitrogen), a flow rate of dry gas 7.0 L/ min (nitrogen, temperature 320 ), skimmer voltage 40.0 V.
RESULTS AND DISCUSSION
12 mL of crude lipid extract was prepared from ten rat brain tissues. Various kinds of anion exchanger were compared regarding extraction efficiencies for ganglioside from the crude lipid extract. The recoveries of GM1 separated by each anion exchanger cartridges (InertSep SAX and InertSep PSA, InertSep MA1, InertSep MA2) are shown in . In both cases, using polymer base anion exchanger and silica base anion exchanger, the stronger anion exchanger was suitable for preparation of ganglioside. The loading capacity of InertSep SAX (500 mg) and InertSep MA1 (700 mg) were examined. As shown in , InertSep SAX (500 mg) had higher capacity than InertSep MA1 (700 mg). Silica base anion exchanger was more suitable for preparation of ganglioside. Both SAX and MA1 have trimethylaminopropyl functional group. The difference between capacity of InertSep SAX and InertSep MA1 for preparation of ganglioside may be due to the difference of the amount of functional group in each anion exchanger cartridge. GM1 was more easily overflowed than other
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gangliosides (GD1a, GD1b, GT1b). It may be due to the difference in electric charge. By using an InertSep SAX cartridge, we tried to separate the gangliosides from the crude lipid extract by stepwise elution. The InertSep SAX cartridge (500 mg) is preconditioned by successive elution with 5 mL of methanol, 5 mL of distilled water, 5 mL of 0.8 M ammonium acetate solution and 5 mL of distilled water. 200 mL of crude lipid extract diluted with 10 mL of chloroform/ methanol/ H 2 O (5:10:1, v/v) were eluted through the cartridge. After washing with 10 mL of chloroform/ methanol/ H 2 O (5:10:1, v/v), each ganglioside was separately recovered from other gangliosides by the stepwise increase of ammonium acetate concentration in the elution solvent. Ganglioside GM1 (fraction numbers 1 and 2 in ), gangliosides GD1a and GD1b (fraction numbers 3, 4, 5, 6 in ) and ganglioside GT1b (fraction numbers 6, 7, 8, 9, 10 in ) were separated. The yields of these gangliosides were higher than 95% which was calculated by HPTLC analysis. To accomplish the separation of ganglioside GD1a and GD1b, the adsorbent was scraped off from the spot site from the HPTLC and extracted by chloroform/ methanol (2:1, v/v).
The obtained gangliosides GM1, GD1a, GD1b and GT1b were identified by MS analyses ( ). It is interesting that the ion fragment pattern of the mass spectra was different between ganglioside GD1a and ganglioside GD1b although they have the same mass. The parent mass ion of GD1b, which has one terminal sialic acid (disialyl chain), was detected as a monovalent anion ([M-H] ). On the other hand, the parent mass ion of GD1a, which has two terminal sialic acids, was detected as a divalent anion ([M-2H] 2 ). GT1b also has two terminal sialic acid and detected as a divalent anion. It was reported that the two structurally isomeric ganglioside GD1a and GD1b were detected as both monovalent anion [M+Na-2H] and divalent anion [M-2H] 2 by ESI CIDMS/MS 10) . The differences of negativeion mass spectrum may be due to elution condition of ganglioside from SAX cartridge or a model of ion trap mass spectrometer. These gangliosides may become to be ionized easily by using ammonium acetate instead of sodium salt.
Generally, the isolation and the purification of gangliosides from the lipid mixture is carried out by preparative thin-layer chromatography, anion-change chromatography, HPLC. However, these methods are either costly or complicated. The work detailed in this report describes procedures for convenient separation of gangliosides from complex lipid mixture by using strong anion exchanger cartridges. This procedure is more beneficial than the conventional methods using preparative HPLC or TLC or other chromatography due to rapid and high yield. Moreover, a DEAE-A25 Sephadex column has been used for ganglioside
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